Valuing wild pollinators for sustainable crop production by Ellis, Ciaran R.
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Question Guidance on Answer 
A. Define Natural Capital asset 
being checked 
Configuration of living and/or non-living processes and functions over space and time, which produce through their existence 
and/or some combination of their functions, a positive economic or social capital. 
 
The natural capital in question is the natural capital that makes up the pollination service provided by insects to crop plants 
across the UK.  The natural capital asset is made up of both managed pollinators (honeybees) and wild pollinators (mainly bum-
blebees, solitary bees and hoverflies) and the habitat, ecological processes and human capital that support them.   
 
The best indication of the functioning of the natural capital asset is likely to be the insect populations themselves; however the 
ability of these populations to provide ecosystem services going forward will also depend on the extent and condition of sup-
portive habitat both on farms and in the wider countryside.  Habitat areas should provide both nesting sites and foraging re-
sources for wild pollinators and should be linked to maintain healthy pollinator networks.  Honeybees are managed within 
nests but still require that forage plants are available in the surrounding area.  Other factors exert negative pressure on wild 
pollinator populations by increasing mortality or reducing reproductive rates and thus lowering the population size.  Such neg-
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ative factors include pesticides, which can cause acute mortality if incorrectly applied, and may reduce foraging and reproduc-
tive success in populations of bees near to farms.  Pesticide use may affect populations at a local level, but widespread pesti-
cide use over a large area and over a long period of time could have a cumulative impact.  Populations of wild pollinators and 
honeybees are also subject to biotic threats such as diseases, predators and parasites.  Otherwise healthy populations should 
be able to withstand acute threats of this kind, but there is evidence that negative factors can act in combination with a 
greater impact; for example pesticide exposure can exacerbate the effect of some diseases (Alaux et al., 2010).  A diverse as-
semblage of wild pollinators supported by a network of habitats along with a stable honeybee supply may be the best defence 
against the impacts of these multiple threats.   
 
 As well as honeybees, farmers will use other commercial pollinators the most common of which are commercial bum-
blebees, which are factory reared.  For the purpose of the asset check, honeybees are considered as natural capital while com-
mercial bumblebees are not.  Honeybees are managed in hives which can persist continuously for years, and are therefore af-
fected by some of the same pressures as wild pollinators, including changes in climate, pesticide use and the threats of pests 
and diseases.  Commercial bumblebees on the other hand, are bred in laboratories and are supplied in boxes which are dis-
posed of at the end of the year; therefore the supply and health of commercial bumblebees are not dependent on the same 
drivers as other pollinators. Commercial bumblebees are considered as one substitute for wild pollinators in section U of this 
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report.   Honeybees can be owned and the placement of hives can be controlled, whereas wild populations of pollinators can-
not be owned and can only be managed to some extent.  Therefore we are considering an asset that is made up of a mix of a 
conventional asset which can be controlled and owned, and non-conventional assets made up of wild populations which are 
not.  The services from wild populations are provided for free, and may be undervalued by land users.   
 
While a healthy functioning capital asset would contribute to pollination requirements of UK crops, it will not provide all of the 
pollination requirements of UK crops.  Some crops are grown in vast areas and require pollinator densities above that of wild 
populations, and/or require pollination at times when honeybees are not active (for example strawberries).  For these crops 
farmers will always need to supplement the wild population and honeybees with other commercial pollinators.  It would there-
fore be inappropriate to suggest that the level of ecosystem service provision from a healthy functioning natural asset would 
be to supply all of the pollination needs of all crops in the UK, as the total needs will be provided by a mix of the natural asset 
(honeybees and wild bees) and commercial pollinators.  Wild pollinators and honeybees are however, very important and are 
likely to meet a great proportion of UK pollination requirements.  Moreover, there is evidence accumulating that a diverse mix 
of pollinator species can provide superior pollination services to relying on one species, both because species provide comple-
mentary functions and as the can be differences in adaptation to environmental conditions (Hoehn et al., 2008, Brittain et al., 
2013a).  Therefore the complete substitution of the natural asset would not be advisable.  The direct impact of a reduction in 
wild pollinators or a reduced supply of honeybees would be a likely rise in costs to farmers as alternative pollinators would be 
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required in greater numbers or honeybees would be more expensive to obtain or hire.  The impact on farmers of increased 
costs from pollinator loss will depend on a number of factors which are discussed further in section three.  
 
 
B. What is the spatial scale for 
which the asset check is being con-
ducted 
Across the UK, with a focus on farmland. 
C. Define the timescale for the 
asset check. 
The asset check focuses on potential changes post 1990.  However longer timescales are also considered to observe long-term 
trends.   
D. What are the main ecosystem 
services the asset provides? 
 
Hoverflies, wild bees and honeybees provide pollination services to the UK.  Pollination was categorised as a regulating service 
in the 2010 National Ecosystem Assessment which valued the services from pollination of crops at £430m per year (Smith et 
al., 2011).  Pollinators also provide pollination services to wild plants, maintaining floral diversity, and contributing towards 
other ecosystem services such as providing seed and berries for bird populations (Jacobs et al., 2009) and supporting natural 
vegetation for recreational use.  Pollinators also have existence values outside of their use values so people may be willing to 
pay to conserve bees and other pollinators even if pollination services do not directly benefit them.  Honeybees also provide 
both recreational value and provisioning services through honey production.     
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Question Guidance on Answer Trends 
Past trend Current trend Future Trend Summary of 
Trends 
(see key*)  
E. What 
is the extent of 
the natural 
capital asset? 
 
 
Wild bees, including bumblebees and solitary 
bees, and hoverflies are found throughout the 
UK.  The populations of pollinating species fluctu-
ate from year to year and are not monitored sys-
tematically making evaluations of number or 
density of wild pollinators difficult.  There is a 
particular challenge to monitoring mobile organ-
isms as activity patterns will depend on weather 
and surrounding resources as well as the under-
lying extent of the population.  Monitoring social 
 
In an analysis of 10 x10 km 
grid squares from the 
BWARs dataset, bee and 
hoverfly species numbers 
where compared from ob-
servations before and after 
1980; bee diversity was 
found to be reduced in the 
majority of grid squares 
(Biesmeijer et al., 2006).  
The largest declines were in 
species with narrow habitat 
 
Carvalheiro and colleagues 
have used data at different 
scales from 10 km upwards 
to detect changes post 1990 
(Carvalheiro et al., 2013).  
Although bumblebee spe-
cies richness has continued 
to decline in Great Britain 
between the 1970 to 1989 
dataset and the 1990 on-
wards data, the species rich-
ness decline has been less 
 
The slowing of the rate 
of species richness de-
cline in bumblebees and 
flowering plants, and the 
apparent recovery of sol-
itary bees detected by 
Carvalheiro et al is en-
couraging.   
However this slowing 
may be due to the fact 
Insert sym-
bol 
 
 
Solitary bees  
 
↔ 
 
 
Bumblebees 
 
↓ 
 
Hoverflies 
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species such as bumblebees is made more diffi-
cult as many individual workers observed forag-
ing are collectively representative of only one re-
productive unit, or nest.  One way of dealing with 
this issue is estimate nest density, rather than 
abundance of individuals.  Using data collected 
by volunteers for the National Bumblebee Survey 
2004, Osborne and colleagues found that nests 
of bumblebees where at higher densities in gar-
dens and around countryside linear features such 
as hedgerows and edges of woodland (Osborne 
et al., 2008).  Other studies have used molecular 
methods to calculate nest numbers by analysing 
sibling relationships between bees caught across 
areas of land. In one such study which compared 
nest densities of common bumblebee species, it 
was found that nest densities per ha fell between 
0.26 and 1.17 depending on the species (M. 
requirements.  There were 
no directional changes in 
hoverfly diversity over the 
same time period.  Bee polli-
nated plant diversity also 
declined between datasets, 
whereas the diversity of 
other plants did not.    
   
Carvell and colleagues also 
found a decline in “bee-
friendly” plants between 
pre-1980 and post 1980 
(Carvell et al., 2006).  They 
found declines in ranges as 
measured by changes in oc-
cupancy of 10 km grid 
dramatic that that observed 
between 1950-1969 and 
1970-1989.  Solitary bee 
species appear to have re-
covered somewhat, species 
richness increases were de-
tectable in recent years.  
Rates of wild flower species 
decline have also slowed.   
 
Despite the general down-
wards trend observable be-
fore 1993 it is likely that 
honey bee colonies num-
bers are now increasing.  
This is due to the increased 
public interest in bees and 
the most vulnerable spe-
cies have already been 
lost.   Social bees are 
more susceptible to hab-
itat losses and pesticides 
than solitary bees (Wil-
liams & Osborne, 2009) 
which may explain the 
recovery in solitary bees 
relative to bumblebees.   
 
The current public inter-
est in bees will continue 
to pull people towards 
beekeeping. However 
many new beekeepers 
may only stay with the 
↔ 
 
Honeybees 
 
↑ 
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Knight et al., 2005), summing to 2.4 nests per ha 
over the 6 most common species.  Similarly Dar-
vill et al. (2004) found nest densities of 0.13 and 
1.93 nests per ha for two species of bumblebee.  
These estimates were lower than the estimate 
from the volunteer collected data, which esti-
mated bumblebee nest densities at around 7 per 
ha for the same study area as M. Knight et al, 
2005 (Osborne et al, 2008).  There have been no 
similar studies on solitary bee or hoverfly popula-
tion density at a landscape scale.   
   
The Bee, Wasps and Ants Recording Society 
(BWARS) holds observation records for bees and 
hoverflies dating back to the 1800s.  While these 
data are not standardised in a way that would al-
low abundance data to be elucidated they do 
squares (from New Atlas of 
British and Irish Flora),and 
changes in frequency in ran-
domised fixed 1km plots 
from Countryside Survey da-
tasets from 1979 and 1998.   
 
 Post 1980 changes in nectar 
plant diversity were de-
tected in the Countryside 
Survey Integrated Assess-
ment in 2007 (Smart et al, 
2010).  In this case changes 
where categorised by land 
use, and were significant 
(and negative) between 
beekeeping.  There is a gen-
eral perception that bee 
starter colonies are hard to 
come by (Peterson et al., 
2012a; Peterson et al., 
2012b) and new beekeeper 
courses have been over-sub-
scribed.  BBKA has seen rises 
in membership in recent 
years providing positive in-
dications of the increase in 
honeybee colonies overall.     
activity for a few years, 
making little impact on 
pollination services go-
ing forward.  Disease 
risks and increased mon-
itoring are likely to in-
crease costs for com-
mercial beekeepers.  Un-
less pollination and 
honey prices can cover 
these costs, commercial 
beekeepers may leave 
the market.  
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give an indication of species range across the UK, 
and relative species richness.  Relative species 
richness increases towards the South and West 
of the Country.  The relationship between species 
richness and abundance is unlikely to be linear as 
the increased species richness in the South and 
West of the UK is likely to be made up of rare 
species which may contribute little to pollination 
on farmlands.  The BWARs dataset can, however, 
be used to monitor species losses over time.   
 
Honeybees 
 
The number of honeybee colonies in the UK has 
been estimated at 274,000 (European Commis-
sion 2010) Commission Regulation (EU) No 
1990 and 2007 in small habi-
tat parcels within arable and 
horticultural area, improved 
and neutral grassland, 
broadleaved and mixed 
woodland.   
Numbers of beehives and 
beekeepers declined be-
tween 1983 and 1993, and 
are lower currently than lev-
els in the 1950s.  In 2001 fig-
ures from a government 
commissioned survey esti-
mated colony numbers at 
230,000, and beekeeper 
numbers at 33,000.  This 
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726/2010.  While there has been a downward 
trend detectable in the number of hives based on 
data up to 1992 (Potts et al., 2010) there has also 
been a surge in amateur interest in beekeeping in 
recent years which has boosted the number of 
hives.  Most amateur beekeepers keep only one 
hive, whereas commercial bee farmers keep 
around 400 each.  Commercial bee farmers con-
sequently own around 40% of the hives, despite 
being far fewer in number (around 300 as op-
posed to 33,000 amateur beekeepers). The ma-
jority of amateur beekeepers do not move their 
hives to take advantage of different flowering 
seasons and so only contribute to pollination ser-
vices in the area around where the hive is kept.  
The hives owned by bee-farmers are therefore 
represented a substantial in-
crease from the last official 
figure of 130,000 in 1993.  
Most recent official figures 
put the total colony number 
at 274,000 in 2010. (Euro-
pean Commission, 2010) 
Commission Regulation (EU) 
No 726/2010 
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likely to contribute disproportionately to pollina-
tion services to crops.   
 
F. What 
is the condition 
of the natural 
capital asset? 
 
Honeybee overwintering rates in the USA have 
caused concern, particularly due to the sudden 
disappearance of honeybees from a colony, or 
Colony Collapse Disorder.  Honeybee overwinter-
ing rates have been recorded for the COLOSS net-
work in Scotland and England and Wales.  Over-
wintering losses have been around 20% in Scot-
land since 2007, and peaked in 2010 at 27% (Pe-
terson & Gray, 2010; Peterson et al., 2012b).  In 
England and Wales the colony losses where high-
est in 2008 at 30% but have been lower since and 
were 14% in 2011 (BBKA, 2012).  Although varia-
  Describe/ 
quantify trend 
 
Colony Collapse Disorder or 
the sudden disappearance 
of colonies has been cited as 
a cause for overwintering 
losses in the UK (Peterson et 
al., 2012b).  Varroa mites 
and starvation are other 
common causes of overwin-
tering losses.  Beekeepers 
are vigilant to such losses, 
Describe/ 
quantify trend 
 
The rise in new beekeepers 
will increase the extent of 
the natural asset, however 
new beekeepers suffer 
higher overwintering losses 
suggesting that husbandry 
practices require attention 
(Van Der Zee et al., 2012).  
That being said, there is an 
increased awareness of dis-
ease and the sharing of best 
Describe expected future 
trend 
 
There are emerging 
threats to both honey-
bees and wild pollinators 
through alien pests such 
as the small hive beetle 
which feeds on young 
bee larvae and is en-
demic to the USA.  While 
this pest cannot be erad-
icated, good monitoring 
and husbandry can pre-
vent catastrophic effects 
Insert sym-
bol 
 
 
 
Wild bees 
and hover-
flies 
 
O 
 
 
 
Honeybees 
 
 
↔ 
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ble between location and years, there is no evi-
dence for an upward trend in overwintering 
losses in the UK in recent years (see table S5.1).   
 
While the cases of colony collapse disorder are 
likely to be multi-faceted, a combination of Var-
roa mites, pesticides and viruses (particularly De-
formed Wing Virus) have been implicated (Cox-
Foster et al., 2007).  The vast majority of bee-
keepers in the UK treat and inspect their hives 
for Varroa and other pests.   
 
While pesticides have been long known to ad-
versely affect bees and other pollinating insects, 
particular attention is now paid to neonico-
and can to some extent mit-
igate them by propagating 
new colonies.  Overwinter-
ing losses reached 30% in 
England in 2008, but are 
currently lower. 
 
Neonicotinoid pesticides are 
thought to have an effect on 
both wild pollinators and 
managed bees and have in-
creased in use over the past 
9 years.  While much neon-
icotinoid use is on crops 
which are not pollinated by 
bees, the neonicotinoids 
clothianidin, imidacloprid 
husbandry practice should 
allow new beekeepers to 
manage hives in a healthy 
way. 
 
There is no indication that 
the peak of overwintering 
losses in 2008 in England is 
part of an increasing trend.  
 
The policy concerning pesti-
cides is evolving at the cur-
rent time with a two year 
moratorium on neonico-
tinoid pesticide use across 
the EU coming into place in 
and minimise spread. 
Other emerging diseases 
include Nosema ceranae, 
originally from Asia but 
now widespread in both 
managed honeybees and 
wild bumblebees.   
 
The future condition of 
wild pollinators and hon-
eybees will depend to an 
extent on land use and 
pesticide policies 
adopted.   
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tinoids, which are systemic pesticides usually ap-
plied to the seed coat and then move up through 
all parts of the plant, including pollen and nectar.  
Pesticide incidence monitoring in England 
showed a peak in pesticide incidents in 2009 and 
2010 (defined as significant mortality caused by 
one pesticide use event) (Alix et al., 2013), but 
the numbers are still relatively low.  This acute 
statistic however, will not detect the effects of 
chronic exposure to neonicotinoids which is 
more difficult to monitor. 
 
While the disease status of honeybees is well 
documented, the disease status of wild pollina-
tors is not.  Bumblebee colonies also have varia-
and thiamethoxam are used 
on oil seed-rape as well as 
thiacloprid (which is used a 
foliar spray).  While im-
idacloprid use on oil seed 
rape has reduced over re-
cent years, the use of thia-
methoxam has increased 
dramatically. Thiacloprid is 
used on soft-fruit and or-
chard fruit.  Acetamiprid is 
used at a low level on or-
chard fruit.  
December 2013 for the 
three neonicotinoids which 
are most widely used in the 
UK (clothianidin, imidaclo-
prid and thiamethoxam).      
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ble survival rates which are not well studied mak-
ing it is difficult to predict populations from year 
to year.    
 
 Together, extent and condition reflect the integrity of the stock of natural capital, which produces flows of ecosystem services.  
Use of historical data must be relevant to the environmental and/or ecosystem services changes from the natural capital asset. 
Uncertainties 
 
There is evidence both from bee numbers and the plants that support them that wild bee diversity is decreasing.  Well established. 
Although some sources state that honeybee numbers are declining, no evidence of this was found; sources imply that numbers are increasing (though most 
new beekeepers are amateurs rather than professional).  Established but incomplete evidence.  
No evidence was found of increased overwintering rates in the time span for which data is available (since 2006).  Well established. 
 
Give level of uncertainty in analysis* for D, E and F, and reasons for this. 
* Use Uncertainty scale described in introduction. 
 
 
Key for trends 
↑ increasing ↓ decreasing 
↔ evidence shows no trend O no evidence 
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↑↓   both increasing and decreasing  (this could reflect ambiguous evidence and/or spatially differing trends) 
  
 
G. Drivers of 
changes in Extent and 
Condition 
 
List policy drivers Policy drivers 
 
Wild pollinators around farmland are supported under agricultural stewardship schemes in England and Wales.  The Entry 
Level Stewardship scheme encourages the creation, restoration and maintenance of low input permanent grassland and 
hedgerow management, both of these will be of benefit to pollinator populations (Natural England, 2013a).  There are driv-
ers to reduce the “hungry gap” so that pollinators are supported throughout the year rather than only during the time of 
mass flowering.  To achieve this swards of native flowering plants including clovers, hogweed and cow parsley are encour-
aged.  The Higher Level Stewardship scheme builds from this providing further support for maintenance of species rich 
grasslands and pollen and nectar mixes (Natural England, 2013b). However, uptake of these schemes in HLS is low. Many of 
the habitats covered by the UK Biodiversity Action Plan are beneficial to pollinators: improvements to field margins and 
boundaries and linear features in agricultural landscapes will be of benefit to pollinators around farmland, while improve-
ments in lowland meadows, calcareous grasslands and heathlands will benefit the wider wild pollinator networks.  Current 
agri-environment schemes in England, Wales and Scotland will end in 2013.  This will coincide with a review of the European 
Union Common Agricultural Policy (CAP).  Current proposals suggest that an increase in support of agri-environment 
schemes is likely with new payments for the support of Ecological Focus Areas and permanent grassland.  Ecological Focus 
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Areas are areas of in-field and field-side features such as fallow, buffer strips and beetle banks which will make up 5-10% of 
farmed area.  Such a move would likely be positive for pollinators; it would serve to link up populations across landscapes, 
provide habitat and alternative forage for pollinators and bring pollinators closer to the crop.    
 
Nine species of solitary bee and seven bumblebee species were treated as priority species under UK Biodiversity Action 
Plans and have therefore been incorporated into NERC S41 and equivalent legislation in Scotland and Wales.  These species 
are regarded as conservation priorities but are not individually supported to same level as they were under UKBAPs.  This 
represents a move towards a more holistic approach to conservation, based on ecosystem integrity rather than individual 
species.  While rare pollinators may currently provide little in the way of pollination services to crop lands, their mainte-
nance is important for the conservation of diverse wild flower species.   
 
Policies to improve the health of honeybees are evident in all regions of the UK (DEFRA, 2009; Scottish Government, 2010; 
DARDNI, 2011) with the purpose of “achieving a sustainable and healthy population of honeybees for pollination and honey 
production”.  These strategies all emphasize improved communication between stakeholders, surveillance and monitoring 
of pests and disease, competency development, and improving the evidence base.  In England and Wales, a prevalence re-
porting network has been developed (BeeBase) to encourage vigilance against diseases and pests, and monitor spread.  The 
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Balai direction (92/65/EEC) names American foulbrood, Small Hive Beetle and Tropilaelaps mites as notifiable across the EU 
(European Commission, 1992).   
 
While the honeybee health plans make brief mention of habitat and foraging plant requirements with respect to honeybee 
needs, the nutritional needs of wild pollinators are not addressed.  The Welsh Government has an “Action Plan for Pollina-
tors” currently under consultation, recognising the contribution of wild pollinators and their expected requirements (Welsh 
Government, 2013).  The action plan currently states the intention to provide linked, conducive habitats on a local and land-
scape scale, supporting native flora in protected areas, and encouraging pollinator friendly gardening and land use in urban 
areas. Plans for monitoring of populations, effects of pesticides and diseases and stakeholder engagement are also included.   
 
There is a UK national action plan on the sustainable use of pesticides (DEFRA 2012b).  The EU has imposed a two-year mor-
atorium on neonicotinoid use based on evidence from both honeybees and wild bees.  Most pesticide policy particularly 
refers to the effect of pesticides on honeybees despite the significant impact that commonly used pollinators can have on 
solitary bees (Gradish et al., 2012) and bumblebees (Scott-Dupree et al., 2009).  Neonicotinoid pesticides have been used on 
oilseed rape seeds and are known to have long half-lives in soil so may continue to affect populations despite the morato-
rium (half-lives reviewed in Goulson, 2013).    
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The area of oil seed rape has increased in the UK over the last 10 years (DEFRA 2012a) and prices have risen in the same pe-
riod reflecting the demand for biodiesel across the EU (Department of Transport 2012).  While mass-flowering crops provide 
a food source and can increase the growth of bumblebee colonies (Westphal et al., 2009), they can also act as a sink pulling 
pollinators from native plants (Blitzer et al., 2012) and disrupt community composition by favouring short-tongued bumble-
bees (Diekoetter et al., 2010).   
List biophysical 
drivers 
Biophysical Drivers 
 
Neonicotinoid pesticides are known to cause a reduction in reproduction of bumblebee nests (Whitehorn et al., 2012) and to 
impair navigation behaviour in honeybees (Henry et al., 2012) and pollen collection in bumblebees (Gill et al., 2012).  The 
effect of exposure to neonicotinoids can act in synergy with the effect of other pesticides and fungicides leading to higher 
than expected levels of toxicity (Iwasa et al., 2004) and diseases such as Nosema (Alaux et al., 2010) therefore any on-going 
effects of neonicotinoids may make disease management more difficult, potentially leading to increasing overwintering 
losses in honeybees and reduced population sizes in wild pollinators.   
 
Healthy pollinator populations require adequate habitat including foraging resources and nesting sites.  Pollinators are sensi-
tive to habitat loss (Winfree et al., 2009), and tend to decrease in abundance further from areas of semi-natural habitat 
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(Ricketts et al., 2008).  Though this trend was not observed in areas of heterogeneous farmland with fine scale floral re-
sources (Winfree et al., 2008) suggesting that both areas of habitat and diffuse habitat within agricultural lands can support 
pollinators.  Declines in pollinator diversity are thought to be due in part to post war losses of unimproved grasslands and 
decline in hedgerows (Goulson et al., 2008).  Areas of important habitat for wild bees in the UK have been stable or increas-
ing in recent years, though in some cases condition of these habitats is poor (Breeze et al., 2012).  Pollinators are supported 
within conservation areas: Natura network grasslands and calcareous grasslands have high pollinator species richness, while 
bumblebees are in high abundance in dry heath (Murray et al., 2012).  Within farmlands agri-environment schemes, includ-
ing unmowed field margins and sown flower strips can boost bee diversity and abundance around farms (Pywell et al., 2006; 
Carvell et al., 2007) and “green veins” such as hedgerows and verges can also boost pollinator populations (Schweiger et al., 
2005).  Increases in urban areas are unlikely to be a problem for generalist species, as gardens provide rich foraging areas 
and support dense populations of some wild bee species (Goulson et al., 2010), but may reduce specialist species which rely 
on wild flowers. 
Nest sites availability can also limit bumblebees and solitary bees.  Bumblebees nest in grassy tussocks or underground cavi-
ties whereas solitary bees and hoverflies use a variety of substrates including bare soil and tree stumps.  There is evidence 
from Scotland that agri-environment prescriptions such as field margins can promote nesting and foraging at the same time 
in bumblebees (Lye et al., 2009).  Few management prescriptions target increasing nesting sites in other pollinator groups.   
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Climate change will affect the pollinator network.  Any directional change in temperature will cause bees to shift their 
ranges northwards, possibly decoupling local food webs (Memmott et al., 2007).  Climate change can also cause phonologi-
cal shifts causing some species to emerge earlier, or to have multiple reproductive cycles in a season.  Longer pollinator sea-
sons may be of benefit to producers of insect pollinated crops in Scotland, who currently use managed bumblebee colonies 
to pollinate soft-fruits in the early parts of the year (predominately April to May, though on some crops managed bumble-
bees are used throughout the year).  Overall the impact of climate change on pollinator populations and crop pollination is 
highly uncertain. 
 
List socio-economic 
& other drivers 
Socio-economic & other drivers 
 
The number of honeybee farmers supplying pollination will be affected by the honey market as well as expenses for disease 
prevention.  While disease prevention costs may be expected to rise, honey prices have also risen over the last 10 years 
(FAOSTAT, 2013).  A positive economic outlook for honey producers could have knock-on effects increasing pollination ser-
vices.  Increasing awareness of pollination requirements of crops may lead to more beekeepers moving to supply pollination 
around farms. 
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Likewise the extent of wild pollinators may be dependent on the increasing awareness that they provide important services.  
In response to concerns about pollinator sustainability, most of the major supermarkets have implemented “bee-friendly” 
farming guidelines which suppliers must adhere to.  There is also pressure from consumer, who can chose to buy conserva-
tion grade fruit and vegetables which require farmers to support pollinator populations around farmland.  
 
H. What are the asset’s main ecosystem 
functions? 
 
List important ecosystem functions (or supporting and intermediate ecosystem services) that support the main final services 
from the asset. Supporting and intermediate services are defined in the UKNEA. 
Note that supporting and intermediate services may originate from other assets that co-produce final services. 
 
Providing regulating service of pollination to both wild and crop plants.  Provisioning services through honey production.  
Recreation services through honeybee keeping.  Non-use values.   
 
I. Integrity Test: Is the ability of the as-
set to support ecosystem services being main-
tained? 
 
Give details for different services (if relevant), consider the trends under questions E and F and the services from question D. 
 
Although honeybee numbers are increasing, this may not lead to increased pollination services, as the increase in number of 
colonies is made up of those kept by amateur beekeepers, mainly in suburban areas.  Also some crops and many wildflowers 
are not well pollinated by honeybees.  
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While honeybees may not provide all pollination services, the condition of the honeybee stock is well monitored and new 
policies in place will further safeguard honeybees.   
 
Wild bee diversity has declined and insect pollinated wild plant species richness continues to decline in some habitats.  Mon-
itoring efforts have so far detected losses of rare species; there are no systematic schemes for monitoring the abundance of 
common species so the trends in these are not clear.  Pollination services to wild plants are at risk, particularly for special-
ised plant species, as the diversity of these have declined in parallel with pollinators with narrower niche breadth.   
 
Whether the asset as a whole is able to support crop pollination depends on the specific requirements of crops which are 
discussed in the next section. 
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In this context ‘performance’ is fitness to carry out the role which is required of a capital asset. This is regarded as useful because defining the target perfor-
mance of natural capital assets captures both the current and future quantity and quality of an asset. Human ‘requirements’ include basic human needs, 
but also reflect infinite wants, so the definition of performance is usually subjective.  
 
Question Guidance on Answer 
J. Is there a measure 
of the current output of ser-
vices from the asset? 
 
Either a direct measure of levels of services (see question D), or an indication of this based on the amount of the asset (stock) and its ability 
to provide the service (condition) (see question I) 
 
The output of the services from the asset is the yield increase in insect-pollinated agricultural commodities which can be attributed to 
pollinators.  Given the variability in agricultural yields due to inputs other than pollinators, it is not feasible to use yield data to monitor 
the performance of the asset.  Breeze et al. (2011) took the approach that the required stocking density of honeybee hives on pollinator 
dependent crops could be used as a proxy.  By assessing the number of hives demanded by the area of insect dependent commodities in 
production, we can get an idea of the number of honeybee hives which would be needed to maximise production.  Assuming that all hives 
in the UK are moved three times per year, Breeze et al then used the number of honeybee hives to calculate the capacity of the current 
level of hives to meet this demand.  They found that the capacity of honeybees to fulfil pollination requirements has declined in the UK, 
mainly due to the increase in the areas of oil-seed rape and field beans, which require insect pollination.  The capacity of honeybees to 
meet demand for pollination services fell to 30% in 2007, down from 71% in 1984.  These figures are likely to over-estimate the ability of 
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UK honeybees to meet demand for pollinators; the calculations assume that all honeybee hives are moved multiple times per year, given 
that most hobby beekeepers (who look after 60% of the colonies) do not move their hives it is unlikely that the current stock could meet 
as much as 30% of crop production needs.   
 
Wild pollinators are important for the supply of pollination services.  Wild pollinators can also pollinate a wider range of crops than hon-
eybees.  Honeybees are short-tongued and so (along with short-tongued bumblebees) tend to nectar rob from flowers with long corollas 
by biting holes at the base of the flower (Free 1962, Free 1968).  Common long-tongued bumblebee species Bombus pascuorum and Bom-
bus hortorum are more suitable pollinators of field/broad beans for this reason.  Apples and other orchard fruit trees flower earlier than 
most honeybees are active, and so are usually pollinated by solitary bees, whose emergence patterns are a better match.  Bumblebees 
are the main pollinators of soft-fruit, as not only are they tolerant to indoor or semi-indoor fruit production characteristic of soft-fruit 
growing, but they can transfer more pollen and visit more flowers per unit of time than honeybees (Willmer et al., 1994).  Oil seed rape 
can be pollinated by honeybees or wild pollinators, including hoverflies.  Hoverflies are likely be able to pollinate similar crops to honey-
bees and solitary bees, although higher densities are required to reach the same level of pollination as they tend to move less between 
flowers and also carry less pollen (Jauker et al., 2012).   
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The stocking densities of honeybees required for adequate pollination has been estimated for crops, the most important of which in the 
UK are summarised in table S5.2, and the middle of the stocking density range given in Breeze et al is noted.  As mentioned above, honey-
bees may not be the sole or main provider of services to these crops, some crops can be pollinated by both honeybees and wild pollina-
tors, and others can only be pollinated by a particular subset of wild pollinators; such special requirements are also noted in the table.  
The density requirement of bumblebees, solitary bees or hoverflies required is less frequently evaluated.  There are recommended densi-
ties of bumblebee colonies from the providers of commercially reared colonies, usually around 6 to 9 colonies per ha for soft-fruit.  How-
ever higher densities are likely to be required on some fruits than others due to differing attractiveness to bumblebees, and different 
dependency on pollination.   
 
Drummond (2012) provides a direct comparison of stocking density requirements of honeybees and bumblebees for highbush blueber-
ries, and find that 10 bumblebee colonies per ha provided the same pollination as 7.5 to 10 honeybee hives.  Using the ratio implies that 
1.33 bumblebee nests per ha would be required for each honeybee hive.   Bumblebees are known to be better pollinators of blueberries 
than honeybees, so this ratio may be low for crops that are well pollinated by both types of bee.   Table S5.2 shows the required bumble-
bee nest density using this ratio.  It should also be noted that bumblebee nests vary greatly in size through the season, being very small in 
spring. Orchard crops flower early in the season, and at this time bumblebee nests will be small and adequate pollination by bumblebees 
is less unlikely.  Table S5.2 provides a qualitative assessment of how vulnerable various crops are to pollinator shortages, given the timing 
of flowering and the requirements for specific pollinators.   
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K. What goods and 
benefits do these services 
support? 
Wild and managed pollinators support the production of insect dependent crops in the UK.  Globally, 35% of food crops are at least partly 
dependent on insect pollination, as are some energy crops such as oil-seed rape.  Insect pollinated crops have higher value added than 
non-pollinated crops, therefore representing a high proportion of goods by market value.  Insect pollinated crops also contain higher vita-
min and micronutrient concentrations per kg than non-insect (mainly wind) pollinated crops (Eilers et al., 2011).   
 
The ability of UK-produced volumes of goods to meet home demand ranges from 5% for broad beans and 70% for strawberries and rasp-
berries (See table S5.3).  The loss of insect pollination would cause imports of insect mediated crops to rise, weakening UK food security.   
 
The wider pollinator network also supports flowering plant reproduction.  It has been estimated that the proportion of wild plant species 
in temperate regions requiring insect pollination at 78% (Ollerton et al., 2011).  The insect pollinated plants provide other ecosystem ser-
vices including forage for birds and animals, and recreational value to humans.  There are also non-use values associated with wild flowers 
and particularly rare flowers such as orchids which are protected.  Amateur beekeepers often do so while making a loss, suggesting that 
bees also provide recreational value.  Other pollinating insects also have non-use or existence values as signified in the high sign up to 
societies such as the Bumblebee Conservation Trust and Buglife.   
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L. What is the target 
performance from the as-
set?  
 
 
Insect pollination boosts the yield of crops, increasing the market value and allowing farmers to stay in production.  The target perfor-
mance varies from crop to crop (see table S5.2), as different crops require different stocking densities so that pollination does not limit 
production.  In addition to the performance in relation to the producers, the pollinator assets should also sustain wild flower and plant 
pollination.   
Uncertainties 
 
Give level of uncertainty* in answer to L and reasons for this. 
* Use Uncertainty scale described in introduction. 
 
Established but incomplete evidence.   
Stocking densities for honeybees are taken from the scientific literature but these are not collected by standardised means and are not 
always from studies in the UK or other temperate regions.  Numbers of wild bumblebees required are based on an assumption that the 
equivalency of honeybees and wild bumblebees that exists for blueberries can be extended to other crops.  Data on density of solitary 
bees and hoverflies across the UK is not known.  The spatial distribution of honeybee hives is not known, it may be that many honeybee 
hives are located in cities and are not moved to provide crop pollination.  The performance measures provided are therefore qualitative in 
nature and give an indication of how well the needs of different crops are met by the available natural pollinator assets. 
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Defining performance: 
 
Answering these questions 
can help define perfor-
mance, but not all questions 
can be answered for all as-
sets 
What policy targets are there for 
the asset? 
 
(e.g. maximum sustainable yield for fish stocks, global concentrations of GHG) 
 
The UK government has a target to manage honeybees for sustainable pollination services.  Such a 
target has been referred to in honeybee policy, rather than policy concerning the total pollinator 
asset. 
 
What is the trend in the main ser-
vices the asset provides? 
 
See question d for services, and UKNEA synthesis report Figure 5 for trends. 
 
Although honeybee numbers are increasing, the location of hives is based on the owner rather 
than the pollination needs of the country and so many are in urban areas which already support a 
high proportion of wild pollinators. 
 
Most crop plants require pollination by short-tongued generalists, including 4 of the 6 common 
species of bumblebee, honeybee and solitary bee species.  While there are multiple species to pro-
vide these services, crops differ in the level of vulnerability to pollinator decline based on the pos-
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sibilities for substitution given the phenology of flowering and pollinator preference.  With increas-
ing area requirements for insect pollinated crops, the maintenance of pollination services into the 
future is uncertain. 
     
What types of goods are supported 
by the asset?  
 
(e.g. food, drinking water, pollution control) See UKNEA synthesis report Figure 10 for terminology 
 
Provisioning goods, recreation, regulating services.  
 
 
Who benefits from the goods? 
 
Identify the number and location of beneficiaries 
 
Consumers of insect-pollinated food benefit both in the UK and abroad. 
Farmers of such goods benefit from lower costs of pollination services, if needs are met by wild 
bees, and from the choice of whether or not to farm insect-pollinated food or not.  The UK is also 
an exporter of oil seed rape; pollinators increase the yield of oil seed rape to the benefit of pro-
ducers and consumers.    
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What wellbeing results from the 
goods? 
 
UK consumers benefit from a greater supply of insect-pollinated food. There is not only an eco-
nomic benefit but also a non-tangible benefit that some derive from eating local food.  Insect-polli-
nated crops contain more vitamins and so society benefits as a whole if more consumers can ac-
cess these goods cheaply (Eilers et al., 2011).  Wild flowers add to recreational and aesthetic value 
of the UK countryside, and insect pollinated wild plants such as brambles and hedgerows provide 
food for animals and birds, thus increasing the biodiversity value further.   
 
 
 
M. Are any future 
changes in target perfor-
mance expected? 
 
How is target performance expected to change? Consider exogenous factors like those associated with the drivers under question F, and 
the asset’s role in climate change adaptation. 
 
The target performance is expected to increase if area of oil-seed rape continues to increase.   
 
     
N. Can future target 
performance be defined? 
 
What is the target level of future performance of the asset? 
What are the drivers of this (see question G). 
 
Future target performance could be defined if areas of expected insect pollinated crops in the future are known.   
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Question Guidance on Answer 
O. What is the trajectory of change 
for the asset?  
 
Specify if any linear or non-linear changes are known or anticipated (see trends from questions E and F) 
 
The loss of specialised pollinators since post-war agricultural intensification may not be surprising given changing land use.  
However floral diversity has also declined since 1990 in small habitat patches within larger areas (Smart et al, 2010).  It is possi-
ble that continued declines in wild flower diversity affect pollinator diversity further or vice-versa.  The positive feedback be-
tween these two declining assets is cause for concern.  Generalist pollinators have not shown declines to the same extent and 
are relatively adaptable to modified landscapes.  Hoverflies also have not suffered to the same extent.   
 
Honeybee numbers have declined but seem now to be increasing in the UK.  Whether this trend will be reflected in greater polli-
nation services depends on whether the new beekeepers are placing their hives in agricultural areas, or whether the increase is 
more due to the growth in beekeeping in urban areas.  If the increase is evenly distributed then we could expect an increase in 
services provided by honeybees.  
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Emerging diseases and pests threaten both wild pollinators and honeybees.  The relative importance previously placed on hon-
eybees could leave the asset potentially vulnerable if honeybees do suffer from problems such as CCD in the future.  Overwin-
tering rates in honeybees are already variable, and liable to cause supply problems if caused by a disease or weather event 
which affects many beekeepers at once.  It is prudent therefore that while honeybee husbandry and disease surveillance is 
treated with high priority, equivalent efforts are also made to boost the diverse assemblage of wild pollinators which may be 
more resilient to such changes.   
 
P. Are there any standards or 
agreed limits of change to the asset? 
 
Specify if there are any relevant standards or limits for the condition of the asset (e.g. adult spawning stock biomass for fish) or 
the services from it (e.g. fish landing quota). 
 
There are no agreed limits of change to the honeybee asset, although honeybee plans are now in place for “sustainable” pollina-
tion suggesting that resilience of the honeybee stock is a priority.  There are no agreed limits of change to wild pollinators.   
 
Q. Are there likely to be any thresh-
old effects?  
 
State knowledge of any thresholds – thresholds can include where the integrity of an asset declines in a non-linear way, where 
the influence of feedbacks on an asset change, or where the ability of an asset to recover declines.  
 
A diverse mix of wild pollinators and honeybees will reduce the probability of collapse of pollinator services.  That being said, a 
poorly managed epidemic affecting either honeybees or Bombus spp would be likely to cause significant reductions in services 
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available that year.  Honeybees are the most vulnerable to such a shock as diseases can spread quickly between colonies.  Crops 
which depend on long-tongued species of bumblebees are also somewhat vulnerable, as there are fewer species to replace this 
service if lost.  There is some evidence that mass-flowering crops support short-tongued species at the expense of long-tongued 
bumblebees (Diekoetter et al., 2010).   
 
The integrity of the asset could decline in a non-linear way if there is a positive feedback between wild flower diversity loss and 
pollinator diversity.   
  
R. What is the reversibility of 
changes to the asset? 
 
Can changes to the asset be reversed? (e.g. can the asset, and its functions, be restored or recreated?)  
 
Most pollinator species in the UK complete one or more generations per year, and can be expected to undergo stochastic fluctu-
ations due to weather or other perturbations.  Many “bad” years in succession or a chronic threat to bees will ultimately have 
an impact on populations which will not be avoided until the threat is removed.  Should such a threat cause a population to go 
locally extinct, the area is likely to be recolonised once the environment is conducive again.  However if the threat is widespread 
then local recolonisation may not be an option.  It is extremely difficult, though not impossible to reintroduce lost pollinator 
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species.  Attempts are being made to reintroduce Bombus subterraneous to the UK with limited success so far.  Even after a suc-
cessful reintroduction it would take years for an introduced species to spread to the extent required to make a difference to 
pollination services, during which time any wild plants dependent on that pollinator may have already been lost.   
 
Changes in honeybees are also difficult to reverse, as once a disease or pest becomes endemic, the high density of hives allows 
easy spread.  Prevention and early detection of such problems can mitigate against this.   
 
 
S. What is the cumulative effect of 
impacts on the asset? 
 
What patterns of impacts result from past, current and future trends and drivers (see questions D, E and F)? 
 
The increasing proportion of oil seed rape could further exacerbate the trend towards generalist, short tongued pollinators at 
the expense of specialists and short-tongued species.  AES schemes in England to fill the “hungry gap” and to increase areas of 
grassland will to some extent mitigate the losses by encouraging a diversity of wild flowers but it is unknown whether the areas 
over which these schemes will be implemented will be sufficient to offset any loss.  
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 Neonicotinoid use and increasing amateur beekeeper number may act in synergy to increasing overwintering losses in honey-
bees and increase the vulnerability to disease.  Without intervention to support disease treatment and surveillance, costs may 
rise causing professional beekeepers to leave the industry. 
 
T. What risks are associated with 
current trends in the asset integrity? 
 
Identify risks of significant detrimental impacts: see answers to questions N, and relate this to answers to questions P – S. 
 
Most industries will currently rely on a mix of wild pollinators and honeybees or other substitutes, but any loss in wild pollina-
tors would increase the cost of pollination (as more honeybees or substitutes are required), as would threats to honeybees such 
as a disease or pest outbreak.  If the costs of providing pollination services are low compared to the gross value of production, 
farmers are likely to be able to accept this cost increase.  If costs are high compared to the gross value of production, then farm-
ers will either pass on the costs to consumers, or leave the market.  Table S5.3 compares the price of pollination by honeybees, 
with the Gross Value of Production (GVP).  For most crops the cost of pollination relative to GVP is quite low (less than 4%), 
though for businesses operating on the margin any increases in costs will be significant.  Firms will only be able to pass price 
rises onto consumers if imports for the crop are not easily available.  The current “self-sufficiency” of the crop has been calcu-
lated as the UK consumption of these crops, over the UK production.  Consumers of crops such as strawberries, with a relatively 
high cost of pollination to GVP ratio, and a high self-sufficiency, are more likely to be affected by rises in the cost of pollination. 
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U. What substitutes exist for the 
main ecosystem services from the asset? 
 
For the services identified in G, are substitutes available? If so what supplies are available or potentially available?  
 
Substitutes for crop pollination 
 
There are substitutes available for crop pollination; there is a large industry for commercial bumblebees, which were developed 
for use in greenhouses but can be used in polythene tunnels and in open fields.  There are increased efforts to domesticate soli-
tary bees such as Osmia rufa in man-made nests which can be placed throughout orchards and fields.  Honeybees themselves, 
are a substitute for wild pollinators, but have been treated as natural capital in this evaluation for the reasons outline in section 
A.  Further research and development may increase the availability of non-bee pollinators such as hoverflies.   
 
The difficulty with substituting wild pollinators entirely is that such substitutions are costly, and substitution may not be perfect; 
one commercial species is unlikely to provide the breadth of functional provided by a natural community (Hoehn, Tscharntke et 
al. 2008).  Commercial solutions also tend to focus on single-species (for example Bombus terrestris is the main commercialised 
pollinator used in Europe), this can increase the vulnerability of the system to disease threats and environmental changes, as 
such threats will no longer be buffered by a diverse range of species.  Substitutes are however, useful for increasing the abun-
dance of pollinators in a location at a particular time.   
 
Substitutes for wild plant pollination 
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While honeybees do spillover and pollinate wild flowers (Tuell et al., 2008), and bee farmers focused on honey production will 
move nests to utilise wild flower resources (i.e. heather), honeybees are not able to pollinate all wild flowers both due to mor-
phological and phonological limitations.  Even if they were able to pollinate all wild plants which require insect pollination, it 
would require a redistribution of the honeybee stock to woodland, grassland and riparian habitats, and away from urban areas, 
which would be infeasible from a cost and management perspective.  Wild plant pollination is therefore much more difficult to 
substitute and therefore more vulnerable to loss of pollinators than crop pollination. 
 
 
Uncertainties 
 
Give level of uncertainty* in analysis and reasons for this. 
 
Established but incomplete evidence.  Though there will be thresholds below which wild pollinator populations will be threat-
ened, the lack of systematic abundance monitoring makes it very difficult to tell where these thresholds are.  Current monitoring 
networks can detect changes in species richness over time, but only detect species losses after they have occurred.   
 
The economic risks of pollinator decline depend not only on the extent of wild pollinators but on the price and availability of 
substitutes.  Assessments of vulnerability of consumers to such changes can only be made crudely. 
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Question Guidance on Answer 
V. Tradeoffs?  
 
If one or more of the asset’s key ecosystem services (see question D) are increased, does this lead to reductions in other ser-
vices? 
 
The pollination of mass flowering crops such as oil seed rape has the potential to distort the wild pollinator population by 
increasing the number of short-tongued bumblebees relative to long-tongued bees (Diekoetter et al., 2010).  These short-
tongued bees can then spillover to wild flowers and may nectar rob from flowers with long corollas, reducing the food 
sources available for long-tongued species.  Pollination services to crops and to wild plants could trade-off against each 
other unless efforts are made to provide forage for both short and long tongued species post flowering.  During flowering 
there may also be a trade-off between wild flower pollination and crop pollination as pollinators are drawn away from wild 
flowers and so flowers with concurrent pollination needs may suffer from pollinator dilution (Holzschuh et al., 2011).   
 
Similarly, increasing in honeybees could lead to competition with native pollinators for foraging resources driving down wild 
pollinator populations (Goulson & Sparrow, 2009), the overall impact of such competition will depend on the number and 
placement of honeybees but may be more likely to occur after the target crop has stopped flowering, during the “hungry 
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gap”.  Given the importance of both honeybees and wild pollinators, it would be unwise to support honeybees at the ex-
pense of wild pollinators, and vice versa.   
 
W. Synergies?  
 
If one or more of the asset’s key ecosystem services (see question D) are increased, does this lead to increases in other ser-
vices? 
 
The key ecosystem services from the pollinator asset are crop pollination and wild flower pollination.  As outlined above 
there is evidence that wild flower pollination could suffer as a result of increasing pollination to mass flowering crops.  How-
ever mass flowering crops will also provide a food source to pollinators, increasing colony success if the resource is properly 
managed.  The difference between mass-flowering crops aiding populations and degrading populations will depend on the 
balance between increased nutrition and post-flowering disadvantages such as increased competition and increased para-
site density.  The balance between these factors was studied in Osmia rufa by Jauker and colleagues (Jauker et al., 2012), 
who found that the positive effects outweigh the negative post-flowering effects.  This is likely due to reasonable synchrony 
between oil seed rape flowering and Osmia rufa lifecycles.  Increasing the Osmia rufa population should increase the poten-
tial for wild plants as well as mass flowering plants to be pollinated in the following year.  Mass-flowering crops increase the 
growth of bumblebee colonies early in the season, but this does not translate in increased reproduction (Westphal et al., 
2009), the timings of oilseed rape flowering are therefore not beneficial to bumblebee reproduction despite increasing early 
colony growth. 
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Honeybees do spillover and pollinate wild flowers surrounding arable landscapes (Tuell et al., 2008), however wild bees, 
although at a similar abundance to honeybees, visited all 43 wild flower species in the area, whereas honeybees were only 
seen to visit 24 out of 43.  Honeybees cannot be relied upon to pollinate all wild flower species. This is unsurprising, as the 
wild pollinator assemblage is made up of many species with different floral preferences and phenology as opposed to the 
honeybee population which is composed of only one species.  Increasing honeybee numbers will therefore, benefit some 
wild plant species, but only in areas within flight distance of hives, and only some species.  Increasing wild pollinator num-
bers will be of benefit to wild flower populations if functional diversity of species is preserved.   
 
 
Uncertainties 
 
Give level of uncertainty* in analysis and reasons for this. 
* Use Uncertainty scale described in introduction. 
 
Competing explanations. 
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There are potential trade-offs between wild plant pollination and crop pollination, however there are also potential syner-
gies.  Whether the outcome is positive or negative will depend on the balance of these.  There are some management inter-
ventions (such as growing plants which will flower just after mass flowering crops) which will assist in creating a positive 
outcome, but uncertainty around the eventual outcome. 
 
X. Sustainability test: is the asset cur-
rently able to give the target performance? 
 
Compare integrity in question I and performance in question L. 
 
The asset of honeybees is not currently able to pollinate all crops in the UK.  There is a trend towards increased honeybee 
numbers but this will not lead to increased pollination services unless the colonies can be moved around the UK to meet 
pollination needs.  This is unlikely given the amateur nature of new beekeepers, who may not keep with the activity in the 
long term.  Wild pollinators do a large proportion of crop pollination across the UK, but may not be sufficiently abundant to 
meet increased pollinator needs, particular across large fields associated with increased oil seed rape production.   
 
If yes - will this performance be sustained 
into the future? 
 
Relate changes from question O and criticalities from P and Q to future changes identified in questions M and N. Give time-
scale – from question C. 
If no – state why? 
 
Is this because target performance is unrealistic, or because integrity of asset is compromised, or both? 
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The pollinator assets of the UK are not being managed with pollination in mind.  Honeybees are for the most part, used for 
recreation and small scale honey production.  The large scale bee-farmers do not have sufficient capacity to meet the UK’s 
pollination requirements.  The population sizes of common wild pollinators are not known. 
 
 
Y. Red flags? This is a warning if future target performance is at risk, for example because: 
- the asset is underperforming (see question X) and continuing to decline (see Question O), or 
- there is prospect of collapse (a limit or threshold – see questions P and Q) which could be irrecoverable (i.e. being irreversi-
ble, see question R, and with no substitute, see question U) 
 
Overwintering rates are a suitable indicator of honeybee stress and should continue to be monitored.  Wild pollinator popu-
lations would benefit from systematic monitoring allowing populations to be tracked over time.  The current monitoring 
system is better at detecting local population loss, but does not detect declines in populations which could alert land man-
agers to conservation priorities.  Incidents of large scale pesticide poisonings have not increased in the UK but any increase 
in oil seed rape production area will increase the exposure of bees to neonicotinoids.  Populations should be monitored for 
neonicotinoid residues and any impacts of these.  Hoverflies are not efficient pollinators but appear resistant to land use 
changes which affect bees, they may therefore be vital to conserving pollination services into the future and should be mon-
itored for population stress.   
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Overwintering rates in honeybees are not currently a cause for concern.  
 
The continued loss of wild flower diversity and pollinator diversity however, should be seen as a red flag.  The latest data 
showing a slowing of the decline in wild flower species richness is a positive sign.  
 
Uncertainties 
 
Give level of uncertainty* in analysis and reasons for this. 
Use Uncertainty scale described in introduction. 
 
There is a possibility that declines in specialised and small bodied species are a relic of post-war agricultural intensifica-
tion and do not represent a current downward trend.  However if there is any positive feedback between wildflower 
loss and pollinator loss then the trend would be expected to continue, particular as nectar producing plants have also 
been lost to succession in the last 20 years, which will further stress wild pollinator populations.   
 
Established but incomplete evidence.  
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Table: Summary of natural capital asset check  
Asset Trends in natural asset integrity Target performance Criticalities Sustainability of perfor-
mance 
Red Flags 
Questions A & B 
The pollination 
service pro-
vided by insects 
to crop plants 
across the UK.  
The main insect 
pollinators, 
bees (including 
bumblebees, 
honeybees and 
solitary bees) 
and hoverflies 
are considered.  
These pollina-
tors are part of 
Question I 
 
Although honeybee numbers are in-
creasing, the increase in number of 
colonies is made up of those kept 
by amateur beekeepers, mainly in 
suburban areas.  Some crops and 
many wildflowers are not well polli-
nated by honeybees. However the 
condition of honeybees is well mon-
itored and new policies in place will 
further safeguard honeybees.  Wild 
bee diversity has declined and in-
sect pollinated wild plant species 
richness continues to decline in 
some habitats.  Monitoring efforts 
have so far detected losses of rare 
Question L 
 
Insect pollination 
boosts the yield of 
crops, increasing the 
market value and allow-
ing farmers to stay in 
production.  The target 
performance varies 
from crop to crop (see 
table S5.2), as different 
crops require different 
stocking densities so 
that pollination does 
not limit production.  In 
addition to the perfor-
mance in relation to the 
Key issues from part 4, partic-
ularly questions P and Q 
 
There are no agreed limits of 
change to the honeybee as-
set, although honeybee plans 
are now in place for “sustain-
able” pollination suggesting 
that resilience of the honey-
bee stock is a priority.  There 
are no agreed limits of change 
to wild pollinators.   
A diverse mix of wild pollina-
tors and honeybees will re-
duce the probability of col-
lapse of pollinator services.  
Honeybees are vulnerable to 
Question X 
 
The asset of honeybees is 
not currently able to polli-
nate all crops in the UK.  
There is a trend towards in-
creased honeybee numbers 
but this will not lead to in-
creased pollination services 
unless the colonies can be 
moved around the UK to 
meet pollination needs.  
This is unlikely given the am-
ateur nature of new bee-
keepers, who may not keep 
with the activity in the long 
term.  Wild pollinators do a 
Question Y 
 
Overwintering rates are a suita-
ble indicator of honeybee 
stress and should continue to 
be monitored.   
Overwintering rates in honey-
bees are not currently a cause 
for concern.  
Wild pollinator populations 
would benefit from systematic 
monitoring allowing popula-
tions to be tracked over time.    
Incidents of large scale pesti-
cide poisonings have not in-
creased in the UK.  Hoverflies 
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the wider net-
work of pollina-
tors across the 
UK, which also 
supports the 
sexual repro-
duction of wild 
plants.   
 
species, there are no systematic 
schemes for monitoring the abun-
dance of common species so the 
trends are not clear.  Pollination 
services to wild plants are at risk, 
particularly for specialised plant 
species, as the diversity of these 
have declined in parallel with polli-
nators with narrower niche 
breadth.  Whether the asset as a 
whole is able to support crop polli-
nation depends on the specific re-
quirements of crops. 
 
 
producers, the pollina-
tor assets should also 
sustain wild flower and 
plant pollination.   
acute shock such as diseases 
as pathogens can spread 
quickly between colonies.   
The integrity of the asset 
could decline in a non-linear 
way if there is a positive feed-
back between wild flower di-
versity loss and pollinator di-
versity.   
 
large proportion of crop pol-
lination across the UK, but 
may not be sufficiently 
abundant to meet increased 
pollinator needs, particular 
across large fields associ-
ated with oil seed rape pro-
duction.   
 
 
are not efficient pollinators but 
appear resist to land use 
changes which affect bees, they 
may therefore be vital to con-
serving pollination services into 
the future and should be moni-
tored for population stress.   
 
The continued loss of wild 
flower diversity and pollinator 
diversity however, should be 
seen as a red flag.  While short-
tongued bumblebees and gen-
eralist populations do not seem 
in peril, those with a narrower 
habitat niche are in decline.  
New data showing decreasing 
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rate of decline of flowering 
plant richness is encouraging 
and should continue to be 
monitored. 
Level of Cer-
tainty 
Established Established but incom-
plete evidence 
Competing Explanations Established but incomplete 
evidence 
Established but incomplete evi-
dence 
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Overwinter Losses Year 
  
2006-
2007 
2007-
2008 
2008-
2009 
2009-
2010 
2010-
2011 
2011-
2012 
Scotland1 17.5% 21.4% nd 27.3% 21.8% nd 
England2 nd 30.5% 18.7% 17.7% 13.6% 16.2% 
USA3 31.8% 35.8% 28.6% 34.4% 29.9% nd 
Europe (average)4 nd Nd 12.3% 16.9% nd nd 
nd = no data 
1. Peterson et al (2012a, 2012b, 2010), Gray et al (2007). 
2. BBKA (2012) 
3. VanEngelsdorf et al (2012, 2011, 2008, 2007) 
4. Vanderzee et al 2012 
 
Table S5.1:  Table comparing overwintering losses for honeybees in Scotland and England with the USA and 
European average as comparators.  
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Crop 
Honeybee Stocking 
density 
Bumblebee 
density 
Flowering 
time Pollinators Vulnerability 
Oilseed rape 5 7  Mid All Mid 
Strawberries 10 13 All year All High 
Dessert apples 7 9 Early 
Solitary bees pre-
ferred High 
Culinary apples 7 9 Early 
Solitary bees pre-
ferred High 
Raspberries 1.5 2 Mid 
Bumblebees pre-
ferred Low 
Blackcurrants 6 8 Mid 
Bumblebees pre-
ferred High 
Runner beans 1.5 2 Mid 
Long-tongued Bum-
blebees Mid 
Cherries 3 4 Early 
Solitary bees pre-
ferred Mid 
Broad bean 4 5  Mid 
Long-tongued Bum-
blebees High 
Plums 4 5 Early 
Solitary bees pre-
ferred Mid 
Pears 3 4 Early 
Solitary bees pre-
ferred Mid 
 
Table S5.2: Table to assess the vulnerability of 11 UK grown crops to wild pollinator loss.  Equivalent bumble-
bee stocking densities are calculated using the conversion factor in Drummond (2012) and honeybee stocking 
densities from Breeze et al, 2011.  Vulnerability was assessed from 1 to 5, with 5 being very vulnerable, score 
increased with importance of wild bee pollinators, and with high pollinator density requirement with low loca-
tion wild bee factor. 
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Crop 
Cost per ha 
commercial 
pollination GV per ha Cost pol/GV Trend in tonnes HPV £000 
Import 
value £000 % Sufficiency 
Consumer Price 
vulnerability 
Strawberries 400 11.92 3.36% Increase 279,118 119,904 70% High 
Dessert apples 560 12.85 4.36% Slight increase 64,054 318,331 17% Mid 
Culinary apples 560 11.48 4.88% Slight increase 41,958 318,331 12% Mid 
Raspberries 120 26.46 0.45% Increase 117,505 50,716 70% Low 
Blackcurrants 480 32.5 1.48% Stable 11,185 nd nd   nd 
Runner beans 60* 92.35 0.001% Decreasing 15,562 28,058 36% Low 
Broad beans 150* 16.97 0.88% Stable 4,414 80,667 5% Low 
Plums 320 8.9 3.60% Stable 12,313 64,725 16% Mid 
Pears 240 14.49 1.66% Stable 14,823 87,956 14% Mid 
 
Table S5.3. Table to evaluate how important changes in pollinator supply will be to changes in consumer and producer welfare.  Costs per ha of honey pollina-
tion are based on honeybee densities from table 5.2, and the assumption of a hiring price of £80 per colony.  GV per ha is the gross crop value per ha in 2011 
(DEFRA, 2013).  Trend in tonnes is the overall trajectory of the total volume produced in the UK since 2000.  HPV is the total value of the crop in sales.  Price 
vulnerability was deemed to be high for crops with high proportion of home production relative to imports, as for these crops producers may be more able to 
transfer prices to customers.  Crops with low price vulnerability are less likely to be able to pass on higher prices to consumers, so increases in costs will de-
crease producer welfare and may cause suppliers to leave the market.  *Runner beans and broad beans cannot be pollinated by honeybees and so the price of 
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bumblebee substitutes are used, however the most common commercial bumblebee used in the UK is Bombus terrestris, a short-tongued bee which may nec-
tar rob from flowers to these crops and therefore provide less pollination than wild bumblebees. 
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